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CLAIMS 

What is claimed is: 


1 . An apparatus, comr. rising: 


first and second multi 
semiconductor substrate, each 


node interference (MMI) coupling devices disposed in a 
of the first and second MMI coupling devices including first 
and second inputs and first ana second outputs; 

a first optical coupler Having a first optical path length, the first output of the first 
MMI coupling device optically coupled to the first input of the second MMI coupling device 
through the first optical coupl ;r; and 

a second optical coup],! a* having a second optical path length, the second output of the 
first MMI coupling device op ically coupled to the second input of the second MMI coupling 
device through the second oplcal coupler, wherein the first optical path length is different 
than the second optical path \i ngth. 


2. The apparatus of cjaim 1 wherein the first input of the first MMI coupling device 


is optically coupled to receiv 
plurality of channels having 


second MMI coupling device i is optically coupled to output a first one of the plurality of 


channels of the optical beam, 
is optically coupled to outpui 


3. The apparatus 
is optically coupled to recei\fe 


an optical beam having a plurality of channels, each one of the 
corresponding wavelength, wherein the first output of the 


wherein the second output of the second MMI coupling device 
a second one of the plurality of channels of the optical beam. 


of (flaim 1 wherein the first input of the first MMI coupling device 
an optical beam having a plurality of channels, each one of the 
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plurality of channels having a correspondi lg 
second MMI coupling device is optically 
channels of the optical beam, wherein the 
is optically coupled to output a second su 1 


wavelength, wherein the first output of the 
oupled to output a first subset of the plurality of 
econd output of the second MMI coupling device 
set of the plurality of channels of the optical beam. 


4. The apparatus of claim 1 when 
device is optically coupled to receive a fi 


in the first output of the second MMI coupling 


i st optical beam having a first wavelength, wherein 
the second output of the second MMI coi pling device is optically coupled to receive a 
second optical beam having a second wavelength, wherein the first input of the first MMI 
coupling device is optically coupled to output a multichannel optical beam including the first 
and second wavelengths combined. 

5. The apparatus of claim 1 wherein the first and second optical couplers comprise 
first and second waveguides, respectively, disposed in the semiconductor substrate. 


1 6. The apparatus of claim 5 wherein each of the first and second waveguides 

2 comprise silicon channels with oxide cli [dding disposed in the semiconductor substrate. 


7. The apparatus of claim 1 wherein each of the first and second MMI coupling 

i 

devices comprise silicon channels with pxide cladding disposed in the semiconductor 


substrate. 


8. The apparatus of claim 7 
MMI coupling devices include a burie< 


whjbrein the insulative cladding of the first and second 
insulating layer of a silicon on insulator (SOI) wafer. 
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1 9. The apparatus of claim 1 when in the semiconductor substrate comprises silicon. 

1 10. The apparatus of claim 1 wh|rein the semiconductor substrate comprises a III-V 

2 type semiconductor material. 

1 11. The apparatus of claim 1 further comprising an optical switch disposed in the 

2 semiconductor substrate having first anl second inputs and first and second outputs, the first 

3 and second inputs of the optical switch optically coupled to the first and second outputs, 

I 

4 respectively, of the second MMI coupling device. 

j 

1 12. The apparatus of claim 1 fjirther comprising an optical switch disposed in the 

2 semiconductor substrate having first second inputs and first and second outputs, the first 

N 
l» 

3 and second outputs of the optical switch optically coupled to the first and second inputs, 

! 

4 respectively, of the first MMI coupling device. 


1 13. An apparatus, comprising: 

2 a first, second and third optical interleavers, each of the first, second and third 

3 interleavers including: 

4 first and second multi-modelinterference (MMI) coupling devices disposed in a 

5 semiconductor substrate, each of the first and second MMI coupling devices of each of the 

6 first, second and third optical interleavers including first and second inputs and first and 

7 second outputs; 
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8 a first optical coupler having a first optilal path length, the first output of the first 

9 MMI coupling device optically coupled to the first input of the second MMI coupling device 

10 through the first optical coupler; and | 

1 1 a second optical coupler having a secorid optical path length, the second output of the 

12 first MMI coupling device optically coupled tcj the second input of the second MMI coupling 

13 device through the second optical coupler, wherein the first optical path length is different 

14 than the second optical path length, 

15 wherein the first output of the second &1MI coupling device of the first optical 

16 interleaver is optically coupled to the first input of the first MMI coupling device of the 

17 second optical interleaver, 

1 8 wherein the second output of the second MMI coupling device of the first optical 

19 interleaver is optically coupled to the second i 

20 third optical interleaver. 


input of the first MMI coupling device of the 


1 14. The apparatus of claim 13 wherein the first input of the first MMI coupling 

2 device of the first optical interleaver is optically coupled to receive an optical beam having a 

3 plurality of channels, each one of the plurality of channels having a corresponding 

4 wavelength, 

5 wherein the first output of the second MMI coupling device of the second interleaver 

6 is optically coupled to output a first one of the plurality of channels of the optical beam, 

7 wherein the second output of the second MMI coupling device of the second 


interleaver is optically coupled to output a 
optical beam, 


second one of the plurality of channels of the 
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10 wherein the first output of thf second MMI coupling device of the third interleaver is 

1 1 optically coupled to output a third or s of the plurality of channels of the optical beam, 

12 wherein the second output of :he second MMI coupling device of the third interleaver 

1 3 is optically coupled to output a fourth one of the plurality of channels of the optical beam. 


3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

1 

2 
3 
4 
5 


15. The apparatus of claim 13 wherein the first input of the first MMI coupling 
device of the first optical interleaver is optically coupled to receive an optical beam having a 
plurality of channels, each one of the plurality of channels having a corresponding 
wavelength, 

wherein the first output of the second MMI coupling device of the second interleaver 
is optically coupled to output a first siubset of the plurality of channels of the optical beam, 

wherein the second output offthe second MMI coupling device of the second 
interleaver is optically coupled to ouput a second subset of the plurality of channels of the 
optical beam, 

wherein the first output of th$ second MMI coupling device of the third interleaver is 
optically coupled to output a third subset of the plurality of channels of the optical beam, 

wherein the second output of Jthe second MMI coupling device of the third interleaver 
is optically coupled to output a fourt a subset of the plurality of channels of the optical beam. 


13 


16. The apparatus of claim 
device of the second interleaver is oi 
first wavelength, 

wherein the second output o|the 
interleaver is optically coupled to 


wherein the first output of the second MMI coupling 
i] itically coupled to receive a first optical beam having a 

second MMI coupling device of the second 
ive a second optical beam having a second wavelength, 
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6 
7 
8 
9 
10 


wherein the first output of the second MMI coupling device of the third interleaver is 
optically coupled to receive a third optical bf am having a third wavelength, 

wherein the second output of the second MMI coupling device of the third interleaver 
is optically coupled to receive a fourth optical beam having a fourth wavelength, 


wherein the first input of the first ] 


II coupling device of the first optical interleaver 


11 is optically coupled to output a multichannel optical beam including the first, second, third 

12 and fourth wavelengths combined. 


1 17. The apparatus of claim 13 farther comprising: 

2 a first optical switch having first and second inputs and first and second outputs, the 

3 first and second outputs of the first optical switch optically coupled to the first and second 

4 inputs, respectively, of the first MMI coupling device of the first optical interleaver; 

5 a second optical switch having first and second inputs and first and second outputs, 

6 the first and second inputs of the secona optical switch optically coupled to the first and 

7 second outputs, respectively, of the secpnd MMI coupling device of the second optical 

8 interleaver; and 

9 a third optical switch having filst and second inputs and first and second outputs, the 

10 first and second inputs of the third optical switch optically coupled to the first and second 

1 1 outputs, respectively, of the second MMI coupling device of the third optical interleaver. 


1 18. A method, comprising: 

2 splitting an optical beam haying a plurality of channels, each one of the plurality of 

3 channels having a corresponding wavelength, into first and second split optical beams; 
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4 
5 
6 
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8 
9 

10 


directing the first split optical beanj through a first optical coupler having a first 


optical path length into a first input of a 1 
device; 


i multi-mode interference (MMI) coupling 


directing the second split optical beam through a second optical coupler having a 
second optical path length into a second ii put of the first MMI coupling device, wherein the 
second optical path length is different than the first optical path length; 

outputting a first one of the plurality of channels of the optical beam from a first 

1 1 output of the first MMI coupling device; and 

12 outputting a second one of the plurality of channels of the optical beam from a second 

1 3 output of the first MMI coupling device. 


1 19, The method of claim 18 wherein outputting the first one of the plurality of 

2 channels of the optical beam comprises dutputting a first subset of the plurality of channels of 

3 the optical beam from the first output of (the first MMI coupling device. 

i 

t 

1 20. The method of claim 18 wherein outputting the second one of the plurality of 

2 channels of the optical beam comprises jbutputting a second subset of the plurality of 

3 channels of the optical beam from the sicond output of the first MMI coupling device. 


1 21. The method of claim 1 8 

2 one of the plurality of channels to be 


further comprising selectively optically coupling the first 
oiitput from a first or second output of an optical switch. 


22. The method of claim 18 fufther comprising selectively optically coupling the 
2 second one of the plurality of channels to be output from a first output of an optical switch. 
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1 23. The method of claim 1 8 wh srein splitting the optical beam into the first and 

2 second split optical beams comprises: 

3 directing the optical beam into alflrst input of a second MM I coupling device; 

4 outputting the first split optical bsam from a first output of the second MMI coupling 

5 device; and 

6 outputting the second split opticaj beam from a second output of the second MMI 

7 coupling device. 

1 24. An apparatus, comprising: 

2 an optical splitter having a first input and first and second outputs; 

3 a first optical coupler having a firsjt optical path length; 

4 a second optical coupler having a second optical path length, the first optical path length 

5 different than the second optical path leng h; and 

6 a first multi-mode interference (MMI) coupling device having first and second inputs 

7 and first and second outputs, the first input of the first MMI coupling device optically 

8 coupled to the first output of the optical sp! itter through the first optical coupler, the second 

9 input of the first MMI coupling device opt cally coupled to the second output of the optical 
10 splitter through the second optical coupler. 


1 25. The apparatus of claim 24 whe|ein 

2 coupled to receive an optical beam having 

3 channels having a corresponding waveleng|i, 

4 coupling device is optically coupled to outplit 


the input of the optical splitter is optically 
plurality of channels, each one of the plurality of 
wherein the first output of the first MMI 
a first one of the plurality of channels of the 
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optical beam, wherein the second output of the first MMI coupling device is optically 
coupled to output a second one of the plurality of channels of the optical beam. 


26. The apparatus of claim 24 win 
coupled to receive an optical beam having 


ein the input of the optical splitter is optically 
a plurality of channels, each one of the plurality of 


channels having a corresponding wavelength, wherein the first output of the first MMI 
coupling device is optically coupled to output a first subset of the plurality of channels of the 
optical beam, wherein the second output jf the first MMI coupling device is optically 
coupled to output a second subset of the plurality of channels of the optical beam. 


1 
2 
3 
4 

1 
2 


27. The apparatus of claim 24 wherein the optical splitter comprises a second MMI 


coupling device having first and second 
second outputs of the second MMI coup 
optical couplers, respectively. 


nputs and first and second outputs, the first and 
ing device optically coupled to the first and second 


28. The apparatus of claim 24 farther comprising an optical switch having first and 
second inputs and first and second outputs, the first and second inputs of the optical switch 

3 optically coupled to the first and secon j outputs, respectively, of the first MMI coupling 

4 device, the first and second outputs of the optical switch selectively optically coupled to the 

5 first or second inputs of the optical switch. 


1 29. The apparatus of claim 27 

2 second inputs and first and second 

3 optically coupled to the first and secor 


urther comprising an optical switch having first and 
outputs, the first and second outputs of the optical switch 
d inputs, respectively, of the second MMI coupling 
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device, the first and second outputs of the c ptical switch selectively optically coupled to the 
first or second inputs of the optical switch. 
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